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Conservation characteristics of baled 
grass silages differing in duration of wilting, 
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The effects of duration of wilting, bale density and number of layers of plastic stretch-
film used to wrap bales on the conservation characteristics of baled grass silage was 
investigated. Grass from the primary growth of a Lolium perenne dominant sward was 
wilted for 24, 48 or 72 h. For each duration of wilting, 54 cylindrical bales (1.2 m nominal 
diameter) were made with the baler at a high or low density setting for alternate bales. 
Bales were wrapped with 2, 4 or 6 layers of plastic stretch-film and stored outdoors 
for 295 days. Two layers of plastic stretch-film resulted in inferior preservation, lower 
digestibility and extensive mould growth and deteriorated silage. Substantial improve-
ment occurred to each of these characteristics from applying four layers of stretch-film 
(P<0.05), while six layers of stretch-film brought little further improvement. When 
four or six layers of stretch-film were used, extensive wilting restricted fermentation 
and improved the standard of preservation with the apparently difficult-to-preserve 
herbage used in this experiment. However, under the anaerobic conditions provided 
by four or six layers of stretch-film neither progressive wilting nor bale density had 
a major effect on digestibility, or the extent of surface mould growth or deteriorated 
silage. It can be concluded that a minimum of four layers of conventional black plastic 
stretch-film were required to achieve suitably anaerobic conditions, and that the addi-
tional benefits from six layers were small. Once anaerobic conditions were achieved, 
extensive wilting improved the conservation characteristics of baled grass silage made 
from a difficult-to-preserve crop, whereas bale density had little impact. 
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Introduction
Silage is made on approximately 86% of 
Irish farms and baled silage accounts for 
about one-third of the area of grassland 
harvested for silage (O’Kiely et al., 2002). 
Fundamental to the efficient ensilage of 
grass is the rapid achievement of anaero-
bic conditions together with the inhibition 
of the activity of undesirable anaerobic 
microorganisms (McDonald, Henderson 
and Heron, 1991). 
Although the principles governing 
the preservation of baled silage are the 
same as for the more conventional pre-
cision–chop or flail silages, the chemi-
cal and microbiological composition of 
baled silage frequently differs from that 
of conventional silages (McEniry et al., 
2006 and 2008). The differences between 
baled and conventional silages result from 
the fact that the systems used to produce 
them address the fundamental principles 
of ensilage somewhat differently and/or 
differences in the grass crops used for 
ensilage (Forristal and O’Kiely, 2005). 
Baled silage is characterised by its unique 
individual-package storage system and has 
6 to 8 times the surface area in contact 
with the plastic stretch-film compared to 
conventional bunker silage (Forristal and 
O’Kiely, 2005). About half of the silage 
volume is within 15 cm of the stretch-film, 
and consequently deterioration caused by 
air ingress can affect a substantial propor-
tion of the silage (Forristal and O’Kiely, 
2005). The grass in bales is ensiled either 
un-chopped or comminuted using a fixed-
knife system, in contrast to the high speed 
chopping and laceration systems used in 
precision-chop or flail harvesting systems. 
In addition, porosity within bales can 
range from 0.5 to 0.8 of the bale volume 
so if air enters past the stretch-film it can 
penetrate deeply into the bale (Forristal 
and O’Kiely, 2005). In baled-silage sys-
tems, anaerobic conditions are achieved 
by wrapping the bale in adequate plastic 
stretch-film. However, the evidence from 
on-farm studies is that damage to the 
stretch-film is due to mechanical and 
wildlife factors, and this can result in 
extensive fungal growth (O’Brien et al., 
2007 and 2008). It can be speculated 
that increasing the amount of stretch-film 
applied should reduce the extent of fun-
gal activity provided the integrity of the 
stretch-film seal is maintained throughout 
ensilage. In addition, increasing the den-
sity of bales and thereby reducing bale 
porosity should reduce the extent of silage 
deterioration in circumstances where the 
integrity of the stretch-film seal is com-
promised. 
Wilting is generally an integral part of 
baled-silage systems. Besides aiding pres-
ervation by reducing the water activity in 
the herbage (Greenhill, 1964), successful 
wilting also prevents effluent production. 
In addition, from a practical point of 
view, it can reduce the number of bales 
produced per hectare thereby reducing 
the overall production costs. However, the 
porosity of bales increases with increasing 
herbage dry matter (DM) concentration 
and the more restricted fermentation can 
present less inhibitory conditions for fun-
gal growth if air penetrates the silage mass 
through insufficient or damaged stretch-
film. 
McEniry et al. (2007), using labora-
tory silos, demonstrated that both achiev-
ing anaerobic conditions and increasing 
herbage DM concentration have much 
larger effects on silage composition than 
increasing the compaction of silages or 
shortening the chopping length. However, 
there is little published information on the 
interactions of these factors using silage 
bales. The objective of this experiment 
was to assess the effects of grass DM con-
centration, bale density and the number of 
layers of plastic stretch-film used to wrap 
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bales on silage composition and mould 
development in baled silage. 
Materials and Methods
The experiment was organized in a 3 
(duration of wilting) × 2 (bale density) 
× 3 (number of layers of plastic stretch-
film) factorial arrangement of treatments. 
Herbage was wilted for 24 (W24), 48 
(W48) or 72 (W72) h after mowing. After 
each duration of wilting, 54 bales were 
made using two different baler density 
settings. At each of these bale densities, 
nine bales were wrapped in each of 2, 4 or 
6 layers of plastic stretch-film.
Baling procedure
The experiment was conducted at Teagasc, 
Grange Beef Research Centre, Dunsany, 
Co. Meath (53o31' N, 06o40' W). A Lolium 
perenne dominant permanent grassland 
sward was mown to a stubble height of 
approximately 6 cm on 25 May with a 
mower conditioner set to place wide wind-
rows on the stubble. The herbage remain-
ing after W24 and W48 were harvested 
was tedded, and subsequently windrowed 
immediately before baling. After each 
wilting time, 54 bales were made from 
every third windrow in the field using a 
round baler (ClassTM Rollant 46 Roto Cut 
Baler) with the stationary cutting blades 
engaged. High and low bale densities 
were obtained by operating the baler at a 
high (DH) or low (DL) density setting for 
alternate bales. At baling, bales were tied 
with netting and then transported to the 
storage area where they were core sam-
pled (McEniry et al., 2006) and weighed. 
The core holes were then refilled with 
chopped grass from the same sward. The 
core samples from each bale were com-
bined to produce a single composite sam-
ple (assayed for DM, crude protein (CP), 
in vitro dry matter digestibility (DMD) 
and ash) per bale. In sequence, individual 
bales of the same density were wrapped 
(McHaleTM 991 BE wrapper) with two 
(P2), four (P4) or six (P6) layers of black 
plastic stretch-film (SilawrapTM, Volac; 
25 µm film layers thickness; stretched by 
70 percent during wrapping), giving nine 
bales per treatment combination. Bales 
were stored on their curved side on an 
outdoor grass base (all bales stored at 
ground level) for 295 days. They were 
then core sampled (McEniry et al., 2006) 
and a single composite sample per bale 
was analysed for DM, CP, DMD, ash, 
pH, water-soluble carbohydrate (WSC), 
and fermentation products (ammonia-N 
(NH3-N), lactic acid (LA) and volatile 
fatty acids (VFA; acetic, propionic and 
butyric acids)). 
Visual assessment of silage bales
Immediately prior to core sampling at the 
end of the 295-day storage period each 
bale was scored for visible mould growth 
and deteriorated area on the bale sur-
face. Visible mould growth was assessed 
as mould patch area (MPA; expressed as 
a proportion of the visible surface of the 
bale) and its depth (MD), and these were 
recorded separately for both the ends and 
barrel of each bale. MPA was measured 
with reference to a plastic grid that was 
placed over each mould patch, while MD 
was measured where a 3 to 15 cm deep cut 
was made across the centre of each mould 
patch. The deteriorated area on the visible 
surface of bales (DA) was identified as 
forage that would be no longer edible by 
cattle and was measured and expressed in 
a similar manner to MPA. The total area 
damaged (TD) was the sum of MPA and 
DA on the bale surface. The depth of the 
deteriorated silage (DD) was measured 
only on the barrel of the bale, using a simi-
lar procedure as described for MD. After 
core sampling, bales were split open and 
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assessed for visible mould interspersed 
through the bale (i.e. flecking). 
Analytical procedures
Grass DM concentration was determined 
by drying at 98 oC for 16 h in an oven 
with forced air circulation. Sub-samples 
dried at 40 oC for 48 h were milled (1 mm 
screen) and used for determination of CP 
(N × 6.25) using a LECO FB 428 nitrogen 
analyser, ash (550 oC for 5 h) (AOAC, 
1990) and in vitro DMD (Tilley and Terry, 
1963), with the modification that the final 
residue was isolated by filtering rather 
than centrifuging. 
The DM concentration of each silage 
sample was determined by drying at 40 oC 
for 48 h. These dried samples were then 
used to analyse for CP, DMD and ash as 
described for dried fresh herbage. The 
pH was determined on an aqueous extract 
using a pH electrode (Hanna Instruments, 
HI98127). An aqueous extract was also 
used for estimating LA (using a Ciba/
Corning Diagnostic 550 Express clinical 
chemistry analyzer according to the meth-
od of Boehringer Mannheim (catalogue 
No. 139084)), NH3-N (Sigma diagnostics 
method for plasma ammonia procedure 
no. 171-uv) and VFA (by gas liquid chro-
matography; according to Ranfft, 1973). 
Water-soluble carbohydrates were deter-
mined according to Wilson (1978).
Statistical analysis
The experimental data were analysed by 
three-way analysis of variance for a linear 
model that accounted for the main effects 
of duration of wilting, bale density and the 
number of layers of stretch-film used, and 
all two-way and three-way interactions 
using Proc GLM (SAS, 2000). Because of 
the high incidence of both low and high 
values, and thus their non-normal distri-
bution, arcsin transformation was used 
for MPA, DA and TD as a percentage of 
visible bale surfaces. Comparisons between 
treatments were made using the least sig-
nificant difference procedure. 
Results
Grass composition
The mean (s.d.) weights of DL and DH 
bales at ensiling were 560 (55.0) and 708 
(39.0) kg, 521 (63.2) and 638 (32.2) kg, 
and 427 (35.1) and 507 (16.7) kg for the 
W24, W48 and W72 wilting treatments, 
respectively. Dry matter densities (kg/m3) 
for DL and DH bales at ensiling were esti-
mated (assuming a standard bale volume 
of 1.36 m3 – i.e., cylindrical bale of 1.2 m 
diameter and 1.2 m width) as 118 and 149, 
123 and 151, and 137 and 162 for the W24, 
W48 and W72 wilting treatments, respec-
tively. The meteorological conditions 
during wilting and baling are summarised 
in Table 1. 
The mean chemical composition of the 
herbages at ensiling is summarized in 
Table 2. Extending the duration of wilting 
increased the DM concentration of the 
herbage (P<0.001), but had no impact 
(P>0.05) on CP concentration. Wilting for 
72 h resulted in a lower DMD (P<0.001) 
and a higher ash concentration (P<0.001) 
than wilting for 24 or 48 h. 
Mouldy and deteriorated areas
No flecking of mould was found through 
the bales. Mould patch area on both 
the bale ends and the total surface area 
increased (P<0.001) with each incre-
ment in the duration of wilting, while 
MPA on the barrel and MD on both 
the bale ends and the barrel were larger 
(P<0.05) for W48 and W72 than for 
W24 (Table 3). Bale density had no effect 
(P>0.05) on MPA or MD while the effect 
of the number of layers of stretch-film 
was significant (P<0.001) for all MPA 
and MD measurements. Bales wrapped 
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with P2 had the largest MPA and the 
deepest MD on the bale ends, while MD 
on the barrel was smaller for P6 than for 
P2 or P4. 
There were no significant two-way 
interactions between the duration of wilt-
ing and bale density or between bale 
density and the number of layers of 
stretch-film, and no three-way interac-
tions, for any MPA or MD measure-
ments. A significant two-way interaction 
occurred between the duration of wilting 
and the number of layers of stretch-film 
for all MPA and MD measurements. 
Bales made from W48 herbage and in 
particular from W72 herbage and then 
wrapped with P2 usually had the largest 
(P<0.05) MPA and the deepest (P<0.01) 
MD on the bale. 
The duration of wilting had no effect 
(P>0.05) on the DA or DD measurements. 
High density was associated with greater 
(P<0.05) DA and deeper (P<0.001) DD 
compared with DL for all DA and DD 
measurements. Wrapping bales with P2 
resulted in greater (P<0.001) DA and DD 
values than wrapping with P4 or P6. 
There was a significant two-way inter-
action between the duration of wilting and 
bale density for all DA and DD measure-
ments, with DL bales made from W48 
herbage generally having smaller DA and 
DD values (P<0.05). Interactions also 
occurred between the duration of wilting 
and the number of layers of stretch-film. 
In general, bales made from W24 or W72 
herbage and then wrapped with P2 had 
larger (P<0.01) DA and DD values than 
the bales made from W48 herbage and 
then wrapped with P2. Both DA and 
DD values were generally largest for DH 
bales wrapped with P2, followed by DL 
bales wrapped with P2. The occurrence of 
deterioration was virtually eliminated by 
increasing to P4 with DL bales but it was 
necessary to go to P6 with DH bales to get 
the same effect. Three-way interactions 
occurred for DA values on the barrel and 
total area of the bale, and for DD values 
on the barrel. The extent of deterioration 
Table 1. Weather conditions during wilting
Date Rainfall 
(mm)
Relative 
humidity (%)
Sunshine 
(h)
Solar radiation 
(Wh/m2)
Temperature (oC)
Min. Max.
May-24 0 59.2 13.0 29.38 4.8 14.6
25 0 56.8 13.5 27.28 1.9 17.8
26 0 81.9 3.0 16.36 5.2 19.2
27 0 77.1 9.0 19.58 7.7 16.9
28 0 74.3 12.6 27.76 8.4 18.4
Table 2. Chemical composition of herbage immediately after baling (but before wrapping 
in plastic stretch-film)
Component1 Duration of wilting (h) s.e. Significance
24 48 72
DM (g/kg) 286 321 434 6.9 ***
CP (g/kg DM) 171 172 171 1.9
DMD (g/kg) 743 751 726 3.0 ***
Ash (g/kg DM) 100 103 110 1.4 ***
1 DM = dry matter; CP = crude protein; DMD = in vitro dry matter digestibility. 
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was more severe (P<0.05) for HD bales 
made from W48 and W72 herbage and 
wrapped in P4 rather than in P6. 
The duration of wilting had no effect 
(P>0.05) on TD measurements. High 
density bales were associated with more 
(P<0.001) total damage than DL bales. 
Total damage on the surface of bales 
decreased (P<0.001) with each increase in 
the number of the layers of stretch-film.
Two-way interactions between the dura-
tion of wilting and bale density occurred 
for TD measurements. Increasing bale 
density resulted in more (P<0.05) total 
damage on W48 bales, and this was repeat-
ed to a lesser extent with W72 bales. 
Bales made from W24 and W72 herbage 
and wrapped with P2 had the greatest 
(P<0.001) total damage. It was necessary 
to go to P6 to get less total damage for 
W48 bales whereas P4 was adequate with 
W24 and W72 bales. The largest (P<0.05) 
reduction in TD value was achieved by P4 
or P6 for DL bales whereas P6 was needed 
with DH bales. A significant (P<0.05) 
three-way interaction was evident whereby 
for W48 (but not W24 or W72) silage 
the extent of total damage was similarly 
reduced by P4 and P6 with DL bales 
whereas with DH bales P6 gave a greater 
(P<0.05) reduction than P4. 
Silage composition
Silage chemical composition results are 
presented in Table 4. Silage DM and WSC 
concentrations and proportion of LA to 
other fermentation products (LA/FP) 
increased (P<0.001), while acetic (AA) 
and propionic acid (PA) concentrations 
decreased (P<0.001), with each increment 
in the duration of wilting. Silages made 
from W72 herbage had lower (P<0.05) 
concentration of LA, butyric acid (BA), 
CP and NH3-N than the silages made from 
W24 or W48 herbages. Silage pH was 
not altered (P>0.05) by the duration of 
wilting. Silages made from W48 and W72 
herbage had a higher (P<0.01) DMD 
value than silage made from W24 herbage. 
Bale density had a significant (P<0.05) 
effect only for WSC concentration, with 
the value being lower for DH bales. The 
number of layers of stretch-film had a 
significant effect on several variables. P2 
treatments resulted in reduced (P<0.01) 
DM, DMD, LA, AA and BA, but increased 
(P<0.05) CP, ash, pH and NH3-N values 
compared to P4 and P6. P2 treatments 
also reduced (P<0.01) WSC values com-
pared to P6.
There were significant two-way inter-
actions between the duration of wilting and 
bale density for DMD and WSC values. 
Bale density influenced DMD only with 
silages made with W48 herbage, where 
DH bales had a lower (P<0.05) DMD. 
Bale density influenced WSC only with 
silage made from W72 herbage, where 
DH bales had a lower (P<0.01) residual 
WSC after fermentation. There were sig-
nificant two-way interactions between the 
duration of wilting and the number of 
layers of stretch-film for DM, CP, DMD, 
LA and AA values. Increasing from P2 
to P4 or P6 resulted in a higher (P<0.01) 
DM value for W24 or W72 bales, but no 
increase occurred (P>0.05) for W48 bales. 
The main increases in DMD due to wilting 
beyond W24 occurred (P<0.01) only for 
P2 bales. Similarly the main increase in 
DMD from P2 to P4 or P6 bales occurred 
only for W24 silage. The overall lower 
LA for W72 compared to W24 or W48 
occurred (P<0.001) for P4 and P6 but not 
for P2, while the overall increase in LA 
from P2 to P4 or P6 occurred for W24 and 
W48 silages but not for W72 silage. The 
decline in AA with each increment of wilt-
ing occurred (P<0.01) for P4 and P6 but 
not for P2, while the higher AA for P4 and 
P6 compared to P2 occurred for W24 and 
W48 silages but not for W72 silage. Two-
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way interactions between bale density and 
the number of layers of stretch-film were 
significant only for silage DM concentra-
tion. Silage DM concentration increased 
(P<0.05) from P2 to P4 to P6 for DH 
but not for DL bales. There were no sig-
nificant three-way interactions for silage 
composition. 
Discussion
Grass composition
Field wilting of herbage is often difficult 
under Irish weather conditions. However, 
in the present experiment herbage DM 
concentration had reached 286, 321 and 
434 g/kg after 24, 48 and 72 h wilting, 
reflecting the absence of rain and rela-
tively high solar radiation and low relative 
humidity. Assuming a DM value of 200 
g/kg for the crop at mowing the estimated 
mean hourly drying rates during sequen-
tial 24 h wilting periods were 3.6, 1.5 and 
4.7 g/kg, respectively. Similar drying rates 
under Irish conditions in the absence of 
rain have been reported by McNamara et 
al. (2002, 2004).
A decline in herbage digestibility dur-
ing wilting was apparent only between the 
48 h and 72 h wilted herbages. The cor-
responding increase in ash concentration 
may partly explain this effect, and likely 
reflects some soil contamination during 
tedding and windrowing. Losses of soluble 
carbohydrates due to respiration may also 
have contributed to the decline in digest-
ibility (Greenhill, 1959). 
The DM density of the herbage in 
the low density bales was similar to the 
minimum values reported by Huhnke, 
Muck and Payton (1997) for ryegrass and 
legume-grass silages of comparable DM 
concentration. Changing the baler density 
setting to increase bale density resulted in 
mean proportional increases in the weight 
of fresh matter and DM per 1 m3 of 0.23 
and 0.22, respectively. However, the DM 
densities achieved were not as high as 
those reported by Jacobsson, Lingvall and 
Jacobsson (2002). Wilting also influenced 
bale density at baling, increasing the DM 
density but decreasing fresh matter density. 
Thus, the mean proportional increases in 
DM per 1 m3 between W24 and W48 and 
between W48 and W72 were 0.03 and 0.09, 
respectively, with corresponding propor-
tional decreases in fresh matter density of 
0.09 and 0.19. These trends are in accord 
with Lingvall (2002).
Mouldy and deteriorated area
Overall, extended wilting did not have 
a consistent effect on total damage to 
the outer surface of the bale, and this 
agrees with McNamara et al. (2004). In 
contrast, the extent of visibly-mouldy sur-
face area increased with more extensive 
wilting, but only under conditions where 
insufficient stretch-film was applied to the 
bales (i.e., P2). Thus, where bales were 
wrapped in enough plastic stretch-film to 
create adequately anaerobic conditions 
then extensive mould growth was restrict-
ed irrespective of the extent of wilting 
that had occurred. Conversely, two layers 
of stretch-film created sufficiently aero-
bic conditions to permit mould growth, 
the extent of which increased as herbage 
DM concentration increased. A proposed 
explanation for this outcome follows. The 
oxygen trapped within a bale immedi-
ately after wrapping should be utilized by 
the herbage and its epiphytic microflora 
within a few hours, and the considerable 
production of carbon dioxide as a by-
product of this residual respiration and 
then as a by-product of fermentation 
means that net gas movement during the 
first 1 to 3 weeks of ensilage will be out-
wards past the layers of stretch-film. Thus, 
even where only two layers of stretch-
film were used, conditions within the bale 
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should have been relatively anaerobic 
during the first week or more of ensilage. 
As shown for the bales wrapped in four or 
six layers of stretch-film, where relatively 
anaerobic conditions therefore prevailed, 
progressively more extensive wilting result-
ed in more restricted silage fermentation, 
and the lower concentrations of fermenta-
tion products associated with the silages of 
higher DM concentration presented con-
ditions less inhibitory for mould growth 
(Woolford, 1975). Consequently, once net 
gas outflow ceased and air ingress past 
the two layers of stretch-film commenced, 
more mould activity could be expected 
on the higher DM bales. This mould 
activity, in turn, would have resulted in 
the metabolism of fermentation products 
such as lactic acid, and the production of 
water as a by-product of respiration. The 
chemical composition of the silages in 
Table 4 support this explanation. The find-
ings discussed above agree with O’Brien 
et al. (2008) who undertook a survey of 
baled silage on Irish farms and found (a) 
a relatively high incidence of visible dam-
age to the stretch-film surrounding bales 
(thereby permitting localized air ingress), 
and (b) a greater extent of visible surface 
mould on bales made from herbage that 
underwent a longer duration of wilting.
The depth to which visible mould pen-
etrated beneath the surface of the silage 
bales was closely and positively associated 
with the extent of mould growth across the 
bale surface and therefore likely reflects 
the factors described above.
Wilting for longer than 24 h reduced 
both the deteriorated area and total dam-
age on the surface of low density bales 
wrapped in two layers of stretch-film. 
This effect occurred without any asso-
ciated change in the extent of visibly 
mouldy silage. These silages with reduced 
damage were also the only ones where 
the change in herbage DM concentration 
during ensilage was not affected by the 
number of layers of stretch-film used, and 
implies that the seal between the layers of 
film did not break as extensively as with 
the other treatments thereby resulting 
in a less extensive ingress of oxygen and 
possibly of rainwater. The explanation for 
this finding is not apparent.
Across all factors, two layers of stretch-
film proved inadequate for preventing 
aerobic losses, and this was evident in 
terms of bale surface damage and the 
depth of damage beneath the surface. 
Visually deteriorated silage accounted 
for a much larger proportion of the 
bale surface than did mouldy silage and 
this imbalance was particularly appar-
ent with the wetter silages. Increasing 
the number of layers of stretch-
film from two to four produced a major 
reduction in aerobic damage, while a 
further increase to six layers of stretch-
film produced a relatively small addi-
tional improvement. These results agree 
with other results obtained under Irish 
conditions (Forristal et al., 1999), but 
appear to disagree with some of the 
results obtained under Scandinavian con-
ditions (Jacobsson et al., 2002; Lingvall, 
Pettersson and Wilhelmsson, 1993 and 
Heikkila et al., 2002) where six layers of 
stretch-film are routinely recommended. 
The apparent difference between Irish 
and Scandinavian results may reflect a 
requirement for more stretch-film to 
counteract the higher gas permeability 
that would be associated with the higher 
temperature of the stretch-film likely to 
occur in Scandinavia due to their longer, 
sunnier days during the summer. 
Chemical composition
Dry matter concentration: The relative 
differences in DM concentration between 
the three wilting treatments pre-ensiling 
was maintained post-ensiling. However, 
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silage DM concentrations were propor-
tionally 0.26, 0.18 and 0.12 lower than for 
the pre-ensiled herbage for W24, W48 and 
W72, respectively. It is likely that a num-
ber of factors contributed to such large 
changes in DM concentration. Firstly, 
there could have been some ingress of 
rainwater between the layers of stretch-
film during the 295 days of storage out-
doors. This is suggested by the observation 
that the largest declines in DM concentra-
tion were most frequently observed when 
only two layers of stretch-film were used. 
Furthermore, an implication of the obser-
vation by Hancock and Collins (2006), 
that bale shape can deform during stor-
age, is that some loosening of the stretch-
film could then occur. Such deformation 
would be more likely with the W24 herb-
age and with only two layers of stretch-
film, and it was with these treatments that 
the biggest decline in DM concentration 
occurred. Secondly, the production of 
water as a by-product of respiration and 
the loss of DM due to both respiration 
and fermentation will combine to further 
reduce silage DM concentration. Thirdly, 
whereas sampling error due to the uneven 
distribution of rainwater or of water pro-
duced by respiration throughout the bale 
is unlikely to have been a significant fac-
tor (due to the core sampling procedure 
used), it is possible that drying the silage 
samples at 40 oC may have resulted in the 
loss of some volatile compounds thereby 
underestimating true DM. However, such 
losses would have been quite small at this 
relatively low drying temperature. Finally, 
effluent was not produced from any of 
the treatments and consequently did not 
impact on the findings.
Silage fermentation: Satisfactory fermen-
tation depends on maintaining anaerobic 
conditions during ensilage and on inhibit-
ing the activity of undesirable anaerobic 
microorganisms (McDonald et al., 1991). 
Thus, for bales wrapped in six layers of 
stretch-film and made from herbage wilted 
for 72 h, the restricted fermentation (rela-
tively high residual WSC and low fermen-
tation product concentrations) appeared 
to be dominated by homofermentative 
lactic acid bacterial activity and evidence 
for undesirable microbial activity was 
quite small. Shorter durations of wilting 
resulted in lower DM concentrations and 
led to more extensive fermentation that 
was less dominated by homofermentative 
lactic acid bacteria and showed more evi-
dence of clostridial activity (i.e., elevated 
BA and NH3-N concentrations). These 
results indicate that the herbage harvested 
would have been very difficult to preserve 
had it been ensiled unwilted.
Overall, increasing the density setting 
of the baler so that mean bale density 
increased from 371 to 455 kg/m3 had rela-
tively little effect on the extent or direc-
tion of fermentation. This is in accord 
with the findings of McEniry et al. (2007) 
who showed that the impacts of forage 
compaction were relatively minor where 
anaerobic conditions prevail. 
Reducing the amount of stretch-film 
used to wrap baled silage can result in 
progressively less-anaerobic conditions 
(Lingvall et al., 1993; Forristal et al., 1999 
and 2000). In the present experiment, 
wrapping bales in four rather than six 
layers of stretch-film had little impact on 
fermentation characteristics. In contrast, 
applying only two layers of stretch-film 
altered the fermentation resulting in a 
large elevation in silage pH and NH3-N 
values. An explanation for this outcome 
is that two layers of stretch-film did not 
create sufficiently anaerobic conditions 
to allow a satisfactory fermentation to 
occur thereby allowing for the continued 
activity of undesirable microorganisms. 
Other workers have reported that under 
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conditions not unlike those in the pres-
ent experiment, two layers of stretch-film 
resulted in a small (Forristal et al., 1999) 
or no (Forristal et al., 2000) disimprove-
ment in fermentation despite an increase 
in visible surface mould growth. However, 
the apparent differences between these 
two sets of studies are likely related to the 
considerably greater extent of total aero-
bic damage that occurred in the present 
experiment when two, four or six layers of 
stretch-film were used (0.85, 0.05 and 0.01 
of surface area, respectively) compared to 
Forristal et al. (1999; 0.21, 0.02 and 0.01 
of surface area, respectively) and Forristal 
et al. (2000; 0.20, 0.01, and 0.01 of surface 
area, respectively).
Silage pH values above 6.0 normally 
only occur where extensive aerobic dete-
rioration has taken place. In the pres-
ent experiment silage pH was consistently 
higher when two rather than four or six 
layers of stretch-film were used, and this 
was particularly evident for 24 h wilted low 
and high density bales, and for the 48 h 
wilted high density bales. In each of these 
cases silage pH was at least 6.2, and the 
associated reductions in lactic acid con-
centration and increases in ammonia-N 
concentration relative to the correspond-
ing four and six layers of stretch-film treat-
ments were larger than occurred with 48 h 
wilted low density bales or with the 72 h 
wilted low or high density bales.
Nutritive value: During ensilage, ash 
concentration increased less with W72 
herbage (110 to 114 g/kg DM) compared 
to W24 (100 to 119 g/kg DM) and W48 
(103 to 112 g/kg DM) herbages. This 
likely reflected the lower losses of digest-
ible organic matter during ensilage for the 
W72 herbage, as a result of its more 
anaerobic conditions and more restricted 
fermentation. Similarly, ash concentration 
increased less when four (104 to 113 g/kg 
DM) or six (104 to 114 g/kg DM) layers 
of stretch-film were used compared to 
two (104 to 128 g/kg DM) layers. This can 
be explained by the larger loss of digest-
ible organic matter with excessive aerobic 
microbial activity when only two layers of 
stretch-film were used. These differences 
in DM loss during ensilage most likely 
explain the differences in silage crude 
protein concentration due to wilting and 
due to the number of layers of stretch-film 
used, assuming that the digestible organic 
matter lost was of low nitrogen content 
(e.g., WSC and organic acids). However, 
the NH3-N values indicate that the qual-
ity of the conserved protein deteriorated 
less with W72 (111 g/kg N) compared to 
W24 (162 g/kg N) and W48 (150 g /kg N) 
silages, and for four (125 g/kg N) and six 
(119 g/kg N) layers compared to two (179 
g/kg N) layers of stretch-film.
The numerical decline in in vitro 
DMD during the ensilage of W72 herb-
age wrapped in six layers of stretch-film 
was quite modest (726 to 714 g/kg) and 
this agrees with McDonald and Edwards 
(1976) who found little change under excel-
lent ensiling conditions. However, where 
fermentation characteristics disimproved 
(lower LA/FP and higher NH3-N concen-
trations) by wilting herbage for only 24 h 
or where both fermentation and aerobic 
deterioration characteristics disimproved 
by using only two layers of stretch-film, the 
decline in DMD was much larger. These 
results agree with Flynn (1981) who found 
poor preservation to reduce silage DMD 
(726 to 676 g/kg), and with McEniry et al. 
(2007) who found air ingress to also reduce 
silage DMD (743 to 703 g/kg). 
Conclusion
The two fundamental requirements of all 
successful silage-making systems are that 
the herbage is stored under anaerobic 
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conditions throughout ensilage and that 
the activities of undesirable micro-organ-
isms are restricted or prevented. In farm 
practice in Ireland, these requirements are 
facilitated during the production of baled 
silage by field wilting the herbage prior to 
baling and by wrapping the bales in poly-
thene stretch-film. The results reported 
here clearly confirm that bales need to 
be wrapped in at least four layers of con-
ventional stretch-film – wrapping bales in 
only two layers of film failed to create the 
anaerobic conditions required to restrict 
visible fungal growth on the outer surface 
of baled silage and to permit a satisfactory 
fermentation to occur. The extent of the 
effects of air ingress on the bale surface 
was greatly diminished when four layers 
of stretch-film were used, and the further 
advantages of using six layers of stretch-
film were relatively small.
Once sufficient stretch-film was used 
then the extent of wilting or the density of 
the bales had relatively little impact on the 
visible growth of mould. However, more 
extensive wilting under these relatively 
anaerobic conditions improved the stan-
dard of silage preservation with the evi-
dently difficult-to-preserve herbage used 
in this experiment.  
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